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S PEC I FI CAT I ON 

COMPOSITION FOR USE IN ANIMAL NUTRITION COMPRISING A 
CONTROLLED RELEASE LIPID MATRIX, METHOD FOR PREPARING 
THE COMPOSITION AND METHOD FOR THE TREATMENT OF MONO- 
5 GASTRIC ANIMALS 

_ ° _ 

FIELD AND BACKGROUD OF THE INVENTION 

The present invention relates to a composition 
for use in animal nutrition comprising a controlled 
.10 release matrix and to a method for preparing said com- 
position. 

Moreover, the present invention relates to a 
method for the treatment of monogastric animals in 
which said composition is used as addition of active 

15 substances such as for instance organic acids and/or 
inorganic acids for preserving and acidifying food for 
monogastric animals, including swine, sheep, rabbits, 
birds, horses, pets and humans. 

It is known that new-born swine (as also other 

20 animal species) have a poor gastric secretion of hy- 
drochloric acid. . ' '*' 

The low level of hydrochloric acid anyhow enables 
the digestion of milk proteins, whereas it is not suf- 
ficient for a complete digestion of proteins of a dif- 

25 ferent origin (for instance soybean, potato and fish 
proteins) . 

New-born swine therefore have a secretive capac- 
ity that is suitable for milk feeding but insufficient 
when breeding techniques and feeding regulations pro- 
30 vide for precocious weanings . 

In the pre-weaning stage the fermentation of lac- 
tose that is present in milk by means of the autoch- 
thonous flora is the best defense against the settling 
of unwanted microflora. 



Weaning strongly reduces the introduction of lac- 
tose and animals have to develop other defensive 
mechanisms in order to contrast the proliferation of 
pathogenic enterobacteria . 

The increasing secretion of gastric hydrochloric 
acid slowly occurring after weaning creates an unfa- 
vorable environment for pathogenic microorganisms en- 
tering the intestinal portion. 

It is also known that pH in the gastro-intestinal 
system varies according to the portion taken into con- 
sideration. 

As a matter of fact, stomach has a pH of 2.0-5.0; 
duodenum has a pH of 4 to 6; jejunum has a pH of 6.0 
to 7.0; cecum has a pH of 6.0 to 6.5; and eventually 
colon has a pH of 6.5 to 7.0. 

It is . known about the "barrier" effect of the 
acid environment within the gastric system, acting as 
an antibacterial defense so as to limit the prolifera- 
tion of pathogenic bacteria within animals. 

In general the . acid environment inhibits the 
growth of bacterial and fungin cells, and some par- 
ticular types of acids can also contrast the germina- 
tion and growth of bacterial spores. 

However, a microbial resistance to weak organic 
acids may arise, which can involve various mechanisms. 

As far as bacteria are concerned, there is a deep 
knowledge on their intrinsic mechanisms of inducible 
resistance against these compounds. 

Preservatives can easily get into the cells of 
gram-positive bacteria whose intrinsic resistance is 
relatively low for most of them. An exception consists 
of • acid-resistant .bacteria (for instance lactic acid 
producers), which maintain an efficient metabolism 
also with relatively low cytoplasmic pH values, thus 
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tolerating the accumulation of organic acids within 
the cell. 

In gram-negative bacteria resistance mechanisms 
are more complicated. 
5 Resistance mechanisms that can be induced in mi- 

croorganisms have recently been studied more exten- 
sively. ' 

It is known that bacterial cells face a lot of 
factors of potential stresses in their natural 
10 "habitat", such as for instance a very low pH value in 
the stomach or the physiological presence of high 
amounts of weak organic acids ' (volatile fatty acids) 
in the intestine. 

■ Actually, some pathogenic organisms can develop a 
15 tolerance feedback to acids consisting in a complex 
defense system allowing cells to survive in case pH 
values should sink up to 3. Furthermore, it has also 
been observed that a tolerance feedback to weak or- 
ganic acids occurs after the exposition to a pH value 
20 below 3. 

Such situation can take place and involve among 
other things an increase of pathogenicity (minimum in- 
fecting dose) of some enterobacteriaceae . 

'Moreover, some bacteria, such as for instance 
25 Salmonella typhimurium, can develop a' tolerance feed- 
back to acids with pH 3 after a previous exposition to 
a weak acid with pH 5. 

Therefore, there is the need for a composition 
that can contrast the . development and proliferation of 
30 pathogenic bacteria and fungi in food and in animals' 
gastro-intestinal system. 

In particular, there is the need for a composi- 
tion for feeding monogastric animals comprising a con- 
trolled release matrix and a selected mixture of ac- 



-4- 



tive substances, which can contrast the development of 
unwanted microflora in food. 

Furthermore, there is the need for a composition 
for zootechnical and veterinary use comprising a con- 
5 trolled release matrix and a selected mixture of ac- 
tive substances, which can adjust intestinal microbism 
so as to contrast the proliferation of unwanted intes- 
tinal microflora in animals . 

The main aim of the present invention is to pro- 

10 vide a composition for feeding, monogastric animals 
comprising a released control matrix and a selected 
mixture of active substances. 

Another aim of the present invention is to pro- 
vide a method for preparing said composition. 

15 A further aim of the present invention is to pro- 

vide a particular matrix that can carry and release in 
a controlled way the components of the selected mix- 
ture of active substances within the gastro-intestinal 
portion of animals including humans. 

20 Finally, a still further aim of the present in- 

vention is* to provide^ the use of a matrix that can 
carry and release a selected mixture of active sub- 
stances for preparing a composition for treating in- 
testinal dysmicrobism. 

25 These and other aims that will be evident from 

the following detailed description have been achieved 
by the Applicant, who has found it useful to prepare a 
composition for feeding monogastric animals. 
SUMMARY OF THE INVENTION 

30 A first object of the present invention is a com- 

position for feeding monogastric animals comprising a 
controlled release lipid matrix and a mixture of ac- 
tive substances , whose characteristics are disclosed 
in the appended claims . 



Preferably, the composition according to the pre- 
sent invention is in microencapsulated form. 

Advantageously, the composition according to the 
present invention has a wide action spectrum in ad- 
justing bacterial metabolism in feed and in releasing 
the active substances within animals' gastro- 
intestinal portion. Moreover, the composition accord- 
ing to the invention has a time-constant activity that 
goes on also after the animal has ingested the food. 

Another object of the present invention is a 
method for preparing said composition, whose charac- 
teristics are disclosed in the appended claims. 
DESCRIPTION O.F THE PREFEREED EMBODIMENT 

The Applicant has improved a particular slow re- 
lease lipid matrix. 

The lipid matrix according to the present inven- 
tion comprises vegetal triglycerides. 

The lipid matrix comprises hydrogenated vegetal 
triglycerides. 

The lipid matrix according to the present inven- 
tion comprises animal triglycerides or mixtures 
thereof . 

Hydrogenated vegetal triglycerides are chosen 
from the group comprising: palm butter, sunflower oil, 
corn oil, rape oil, peanut oil and soybean oil. 

Alternatively, mixtures of hydrogenated triglyc- 
erides can be used in variable proportions of the sin- 
gle components. 

Animal- triglycerides are chosen among: bovine 
tallow and swine lard. 

The matrix further comprises particular addi- 
tives. Said additives are chosen from the group com- 
prising: fumed silica, calcium stearate, magnesium 
stearate, calcium sulfate. 
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The additives used enable to increase the viscos- 
ity of said matrix and to reduce its permeability. 

Preferably, the lipid matrix comprises said addi- 
. tives in an amount of 0.1 to 30% by weight with re- 
5 spect to the total weight of said lipid matrix; for 
instance 1 to 20%. 

The controlled release lipid matrix according to ■ 
the present invention, into which a particular mixture 
of active substances is dispersed for preparing a com- 
10 position for zootechnical and veterinary use, has some 
advantages. 

A first advantage consists in that better 
rheological properties are obtained thanks to the 
functional stability to the pressure which said compo- 
15 sition will undergo during its use for preparing ' pre- 
mixtures or complementary or finished feeds. 

The properties of release of active substances 
are optimized since the dissolution of said matrix 
within the various gastro-intestinal portions takes 
20 place gradually. 

As a matter of fact, as a consequence of the at- 
tack of digestive secretions the matrix according to • 
the present invention enables to obtain a slow and 
gradual release of the active substances as a function 
25 of time. 

For instance, a method for _ preparing the con- 
trolled release matrix provides that said lipid matrix 
is introduced into a container provided with heating 
and mixing devices. The container temperature is then 
30 brought to a temperature of 80 to 120 °C and the matrix 
is kept under stirring until it melts. 

The melted matrix is then added with the addi- 
tives. Stirring and temperature are kept until a ho^ 
mogenous mixture is obtained. During this stage emul- 
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sifiers may be added to said homogenous mixture. 

The Applicant has improved a microencapsulated 
composition. Said composition is in the physical form 
of spheres having a diameter of 100 to 2000 microns, 
5 in each sphere active substances being incorporated 
within the matrix and therefore separated from out- 
side. 

Said composition comprises a controlled release 
matrix into which a selected mixture of active sub- 
10 stances is dispersed. 

In a preferred embodiment according to the pres- 
ent invention the mixture • of active substances is a 
mixture of organic acids, inorganic acids and/or salts 
thereof . 

15 In another preferred embodiment according to the 

present invention the mixture of active substances is 
a mixture of organic acids, inorganic acids and/or 
. salts thereof and a mixture of natural or natural- 
similar aromatizing agents. 

20 In a further preferred embodiment according to 

the present invention the mixture of active substances 
is a mixture of organic acids, inorganic acids and/or 
salts thereof, a mixture of natural or natural-similar 
aromatizing agents and/or drugs, such as antibiotics. 

25 Natural or natural-similar aromatizing agents are 

chosen for instance from mixtures of herbs and plant 
extracts, oleoresins, .essential oils or (generally 
recognized as safe - GRAS) aromatic substances and 
fragrances such as natural additives, among which gar- 

30 lie (Allium sativum) , oregano and the main components 
of its essential oils, among which carvacrol, p-cymene 
and y-terpinene. Essential oils are rich in aromatic 
compounds extracted from plants by means of various 
processes among which distillation with water or va- 



por, extractions with solvents or hypercritic extrac- 
tions. They can be distilled from flowers, seeds, 
leaves or roots, or from the whole plant. 

When these products are extracted and then con- 
centrated, great attention should be paid to the pu- 
rity of the plant to be extracted, in order to avoid 
extraction and concentration also of mycotoxins gener- 
ated by epiphyte fungi or alkaloids of plants that can 
damage the animals' health. 

The chemical composition of essential oils can be 
highly complex, including also terpenoids, phenolic 
acids and flavonoids with antioxidant or antimicrobial 
properties. Flavonoids can also act as chelating 
agents for metals, such as copper and iron, which are 
known pro-oxidant agents. 

Other examples are sage, rosemary, vanilla. 

Beyond the use of natural aromatizers, natural- 
similar substances can be used, which thanks to - their 
purity degree enable a higher constancy in the formu- 
lation . 

The microencapsulation of these substances allows 
to limit the loss of the most volatile components 
while preparing and storing food and further allows to 
adjust the release of fragrances and aromatic sub- 
stances, so as to supply the animal with a stabilized 
and tasty food and to enable the slow release of these 
aromatic substances in the gastro-intestinal portion. 

The mixture of 5% natural or natural-similar aro- 
matizing agents is present in an amount of 1 to 50% by 
weight with respect to the total weight of the final 
composition; preferably of 5 to 15% by weight. 

Preferably, the mixture of acids can contain in 
addition other nutritional components that are physio- 
logically useful for animals. 



Preferably, the composition- comprises the con- 
trolled release matrix in an amount of 40 to 70% by 
weight with respect to the total weight of the compo- 
sition. 

5 Preferably, the composition comprises the mixture 

of organic and/or inorganic acids in an amount of 30 
to 60% by weight with respect to the total weight of 
the composition. 

The mixture of acids comprises organic and inor- 
10 ganic acids chosen from the group consisting of: lac- 
tic acid, citric acid, fumaric acid, malic acid, sor- 
bic acid, orthophosphoric acid. 

Preferably, formic acid is contained in the mix- 
ture of acids in an amount of 0.1 to 50% by weight; 
15 preferably of 5 to 15% by weight; and salts for in- 
stance calcium formate 5 to 15% by weight. 

Preferably, lactic acid (absorbed on 50% silica 
gel) is contained in the mixture of acids in an amount 
of 0.1 to 50% by weight; preferably of 5 to 15% by 
20 weight . 

Preferably, citric acid is contained in the mix- 
ture of acids in an amount of 0.1 to 60% by weight; 
preferably of 5 to 15% by weight. 

Preferably, fumaric acid is contained in the ' mix- 
25 ture of acids in an amount of 0.1 to ~60% by weight; 
preferably of 5 to 20% by weight. 

Preferably, malic acid is contained in° the mix- 
ture of acids in an amount of 0.1 to 60% by weight; 
preferably of 5 to 15% by weight. 
30 Preferably, sorbic acid is contained in the mix- 

ture of acids in an amount of 0.1 to 60% by weight; 
preferably of 5 to 20% by weight; and salts for in- 
stance potassium sorbate 5 to 20% by weight. 

Preferably, orthophosphoric acid (absorbed on 60% 
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silica gel) is contained in the mixture of acids in an 
amount of 0.1 to 50% by weight. 

The following contains a list of some compositions 
of the present invention included as a mere non- 
5 limiting example. 

1. 12.5% formic acid, 37.5% lactic acid and 50% ma- 
trix. 

2. 10% citric acid, 20% fumaric acid, 10% malic acid, 
1% sorbic acid, 15% orthophosphoric acid and 44% 

10 matrix. 

3. 8% citric acid, 8% malic acid, 18% fumaric acid, 
10% sorbic acid, 8% orthophosphoric acid,- 4% mix- 
ture of natural and/or natural-similar aromatizing 
agents and 44% matrix. 

15 4. 35% calcium formate, 10% fumaric acid, 10% sorbic 
acid and 45% matrix. 

5. 14% calcium formate, 7% calcium propionate, 23% fu- 
maric acid, 5% potassium sorbate and 51% matrix. 

6. 32% calcium formate, 5% calcium propionate, 8% po- 
20 tassium sorbate, 5% mixture of natural and/or natu- 
ral-similar aromatizing agents and 50% matrix. 

7. 20% fumaric acid, 10% malic acid, 10% citric acid, 
10% orthophosphoric acid and 50% matrix. 

8. 34% calcium formate, 1% calcium propionate, 15% po- 
25 tassium sorbate and 50% matrix. 

The composition according to the present invention 
has some advantages. 

An advantage consists in a slow release of the sub- 
stances dispersed into the matrix within the gastro- 
30 intestinal portion of the various animal species they 
are meant for. 

Tests have shown that there is no immediate release 
within the gastric system due to pH change (for very 
acid pH values) , but a progressive release within the 
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jejunum due to the action of digestive enzymes. 

Another object of the present invention is a 
methodfor preparing the composition comprising a con- 
trolled release matrix, in which the matrix prepared 
5 as described above is added with the active sub- 
stances. The whole is homogenized at a temperature of 
55 to 7 0 °C . Then the suspension is sprayed in a cold 
room at a temperature below 15°C. 

A further object of the present invention is the 
10 use of said composition as such or in the preparation 
of feeds and/or pre-mixtures to be used in the 
zootechnical and veterinary field for feeding birds, 
swine and young calves (whose rumen is not working 
yet) . 

15 Practically, the composition according to the in- 

vention can protect and carry the active substances 
dispersed therein. For instance, said active sub- 
stances include drugs such as: antibiotics, vaccines, 
anti-inf lammatories and antihistamines . 

20 Said active substances and/or drugs are released 

within the intestine. 

A preferred embodiment relates to the use of said 
composition comprising drugs for preventing and/or 
treating pathologies in intensive breeding farms. 

25 Experimental part 

The study aimed at verifying in vivo the effective- 
ness of the protection given by the composition com- 
prising a controlled release matrix on the dynamics of 
release of protected molecules, for instance sorbic 

30 acid and essential oils, within the various portions 
of the gastro-intestinal system, checking at the same 
time possible interferences of said released molecules 
on the development of fermentations due to microorgan- 
isms. 
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The control on the content collected from the vari- 
ous portions of the gastro-intestinal system allowed 
to find out the presence of the molecules concerned in 
microencapsulated form (sorbic acid and essential 
5 oils) in concentrations progressively decreasing from 
stomach to colon for sorbic acid and to jejunum for 
essential oils. 

Sorbic acid undergoes a reduction of its concentra- 
tion from proximal jejunum as far as colon, whereas 
10 the protective effect of essential oil is present as 
far as distal jejunum. 

The same formulation containing sorbic acid and es- 
sential oils in non-microencapsulated form did not en- 
able the detection of the aforesaid molecules beyond 
15 pylorus. 

The type of protection used results in a precise 
late effect because it helps to modify the availabil- 
ity of said protected molecules, sorbic acid and es- 
sential oils, within the various gastro-intestinal 
20 portions that were controlled. The development of fer- 
mentations is clearly affected by treatments. 

The following experimental pattern was used: 

1. Control group: subjects fed with a conventional 
diet without addition of drugs or of the sub- 

25 stances under study. At the end of the experimen- . 

tal period five subjects with a living weight cor- 
responding to the average of the group they be- 
longed to, were chosen to be killed. Various gas- 
tro-intestinal portions (stomach, proximal and 

30 distal jejunum, ileum, cecum, sigmoid colon) were 

taken from the animals just killed. 

2. Group treated with a slow release . microencapsu- 
lated composition according to the present inven- 
tion: subjects fed with a conventional diet, whose 



-13- 



composition was the same as for control group, 
added with an amount of 0.5% in a period of 0-15 
test days. At the end of the experimental period 
five subjects with a living weight corresponding 
5 to the average of the group they belonged to, were 

chosen to be killed. Various gastro-intestinal 
portions (stomach, proximal and distal jejunum, 
ileum, cecum, sigmoid colon) were taken from the 
animals just killed. 

10 3. Group treated with a (non-microencapsulated) mix- 
ture reproducing the composition according to the 
present invention: subjects fed with a conven- 
tional diet, whose composition was the same as for 
control group, added with an . amount of 0.5% in a 

15 period of 0-15 test days. At the end of the ex- 

perimental period five subjects with a living 
weight corresponding to the average of the group 
they belonged to, were chosen to be killed. Vari- 
ous gastro-intestinal portions (stomach, proximal 

20 jejunum, distal jejunum, ileum, cecum, sigmoid co- 

lon) were taken from the animals just killed; 
During the whole test period the animals were fed 
ad libitum and could drink water freely. 
Analyses 

25 The analyses on animal food were carried out in 

accordance with the provisions contained in the body 
of analytical methods for zootechnical food. 

The gastro-intestinal contents were tested in or- 
der to determine humidity, volatile fatty acids, ammo- 
30 nia, essential oil and sorbic acid. 

The analysis on humidity was carried out in an 
oven heated to 80 °C until a constant sample weight was 
obtained (around 20 hours) . The analysis on fatty ac- 
• ids and volatile compounds were carried out in accor- 
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dance with the method described by Fussel R.J. and Mc 
Cailey D.V. (Analist, 112, 1213-1216; 1987). The 
analyses for determining essential oil and sorbic acid 
were carried out in accordance with the following 
5 methods: 

Operate under indirect light. 

Weigh in centrifuge tube 50 g of sample , add 5 ml 
of 5% trichloroacetic acid, centrifuge for 10 min at 
11000 RPM at 4°C, then filter on paper filter. 

10 Transfer 20 ml of filtrate in distillation Kijedahl 
tube , add 10 ml of HC1 3 N, distillate in vapor stream 
for 12 min and measure distillate volume. Filter, about 
one ml of distillate with 0.45 micron filters and in- 
ject 30 |il in HPLC. 

15 RP-18 column (Merck) eluting mixture H 2 0:CH 3 OH = 

75:25 with a flow of 1 ml /min, UV detector 157 5 
(Jasco) operating at 245 nanometers.; peak output about 
7.4 min. Detectability limit for sorbic acid: 0.05 
mg/kg referred to initial sample. Recovery 96.1 ± 

20 2.4%. All data collected during the test were statis- 
tically processed. 

A variance analysis was carried out using Anova 
procedure with Wartler test and Newmanchius post-test. 
The differences were regarded as significant with P < 

25 0.05. 

Results 

Evaluation of analytical data concerning controls 
of gastro-intestinal content of various groups. 
The presence of sorbic acid is absent in the samples 
30 taken from control group, whereas its presence can be 
detected in the various gastro-intestinal portions of 
the group treated with the composition according to 
the present invention and with the mixture reproducing 
the (non-microencapsulated) composition according to 
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the present invention. 

The content of sorbic acid is high in the samples 
of stomach, with similar' values in groups treated with 
the composition according to the present invention and 
5 with the mixture reproducing the (non-microencapsu- 
lated) composition according to the present invention, 
•whereas there is a great difference starting from the 
first intestine portion (proximal jejunum) . 

As far as the group treated with the composition 

10" according to the present invention is concerned, the 
content of sorbic acid decreases very slowly in the 
various intestinal portions and a small amount is 
still present in colon; as far as the intestinal por- 
tions of the group treated with the mixture reproduc- 

15 ing the (non-microencapsulated) composition according 
to the present invention are concerned, sorbic acid is 
present in small amounts only in the first intestine 
portion (proximal jejunum) . The presence of essential 
oil was detected in a significant amount and with lit- 

20 tie variation in stomach samples of the group treated 
with the compositions according to the present inven- 
. tion and with the mixture reproducing the (non- 
microencapsulated) composition according to the pres- 
ent invention, whereas it is absent in all samples of 

25 subjects belonging to the control group. 

In the group treated with the composition accord- 
ing to the present invention the presence of essential 
oil can be detected in proximal and. distal jejunum, 
but is absent in the following intestinal portions. 

30 Conversely, in the group treated with the mixture re- 
producing the (non-microencapsulated) composition ac- 
cording to the present invention, essential oil is 
present only in samples taken from stomach (concentra- 
tions that are similar to those of the group treated 
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with the composition according to the present inven- 
tion) . 

Conclusions drawn from the tests 

The type of protection used results in a precise 
5 late effect because it helps to modify the analytical 
detectability, and therefore the availability, of pro- 
tected molecules, above all sorbic acid and essential 
oil, within the various gastro-intestinal portions 
that were controlled. 
10 As a consequence the microorganisms that are pre- 

sent in the various portions of the gastro-intestinal 
system affect the development' of fermentative proc- 
esses . 

Table 1: analytical features of diets compared 
15 during the period 0-15 days (data in percentage of dry 
matter) ; 
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1 - According to Whittemore (1980); 2 -According to 
Noblet (1994) 
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Figure 1: concentration of sorbic acid micro- 
moles/gram of dry matter in various gastro-intestinal 
portions ; 

Figure 2: concentration of essential oil nano- 
5 moles/gram of dry matter in various gastro-intestinal 
portions; 

Figure 3: concentration of lactic acid bacteria 
in jejunum expressed as log CFU/g of feces in the 
three groups used; 
10 Figure 4: concentration of lactic acid bacteria 

in cecum expressed as log CFU/g of feces in the three 
groups used; 

Figure 5: concentration of CoJi spp. in jejunum 
expressed as log CFU/g of feces in the three groups 
15 used; 

Figure 6: concentration of Coli spp. in cecum ex- 
pressed as log CFU/g of feces in the three groups 
used; 

Figure 7: pH development in various gastro- 
20 intestinal portions of the three groups used; and 

Figure 8: concentration of lactic acid expressed 
as nanomoles/gram of dry matter in various gastro- 
intestinal portions. 



